
 

Fields are universal. In science, engineering, and mathematics we encounter flow fields, electric 
fields, magnetic fields, charge density fields, mass density fields, gravity fields, images (light 

intensity fields), and configuration space trajectory fields to name a few. 
 

The essential qualitative aspects of any field-based phenomena are largely determined by the 
topology of the underlying fields—that is, by the locations, types, and interconnections of the 

critical points in those fields. Examples of critical points include maxima, minima, attractors, 
repellors, saddle points, foci, centers, and rarer (degenerate) forms.  

 
In fluid dynamics, critical points indicate phenomena such as flow separation points, attachment 

points, and stagnation points. Similarly, in the charge density field of a molecule or crystal 
(using the quantum theory of atoms in molecules, or QTAIM), critical points indicate the 

presence of a nucleus, bond point, or reactive site. And in the cosmological mass density field, 
different types of critical points indicate the presence of galaxy clusters, filaments, and voids. 

 
Special curves and surfaces intersect at critical points and they too can be found and classified. 

Mathematically, they are known as invariant manifolds (including separatrices or “basin 
boundaries”). Some examples in fluid dynamics are vortex cores, separation lines, attachment 

lines, and separation surfaces. In molecular quantum mechanics, examples (via QTAIM) include 
inter-atomic surfaces, which exactly bound each atom and the bond paths, which precisely and 

unambiguously signal the presence of a chemical bond.  
 

The topology of vector, scalar, and tensor fields is a unifying approach to understanding 
phenomena across much of science, engineering, and mathematics. It has been used for many 

years in aerodynamics, plasma physics, geophysics, quantum chemistry, ecology, celestial 
mechanics, and dynamical systems theory. More recently, it has found applications in nuclear 

physics, pattern recognition, medicine, data compression, data mining, human factors, 
visiometrics, and cosmology. 

 
However, before “A Tool for Visualizing the Topology of Vector Fields” (by Globus, Levit and 

Lasinksi) analysis of field topology was primitive. It was performed manually and/or utilizing 
numerous separate and ill-fitting software tools designed for other purposes. The whole process 

was labor-intensive, error prone, and culminated in hand-drawn black-and-white 2D figures. 
 

The work described in this paper changed all this. It introduced new, automated topological 
techniques, demonstrated them on real-world data, and described their ntegration into a 

production scientific and engineering visualization environment, FAST (Flow Analysis Software 
Toolkit). Using the topology module in FAST, for the first time, a scientist or engineer could 

automatically locate all critical points in any field computed on a multi-zone 3D overset mesh 
(the kind used most often in aerodynamical engineering calculations).   

 
Once the critical points were located, they were classified and rendered in 3D using glyphs, 

which also displayed local approximations to their invariant manifolds. Then (optionally), the 
invariant curves and surfaces (vortex cores, separation lines, etc.) were found, classified, and 

rendered in 3D under the control of a variety of options. 
 

Complete determination of the global 3D topology was not expected—16 years later, it is still an 
actively researched and unsolved problem. Nevertheless, the FAST topology module did a 
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complete and accurate job of classifying and rendering local topology, and much of the global 
topology of 3D vector and scalar fields.   

 
The nominee paper moved topological analysis out of the realm of inaccurate results on “toy” 

problems and into the realm of robust results on real problems. It dramatically improved the 
quality, quantity, and breadth of field topology analyses performed in industry, academia, and 

government. 
 

“A Tool for Visualizing the Topology of Vector Fields” has been applied to a broad range of 
disciplines, with over 200 citations in the literature. Some example applications, with relevant 

citations to the nominee paper in brackets, and no citation listed more than once in this entire 
document, are: 

 
Theoretical fluid dynamics [8,30,49,73,150]. Applied aerodynamics, including the Columbia 

Accident Investigation [142], rockets and missiles [18,42,60], turbomachinery design [47,61], 
automotive engineering [50,167], and architecture [149]. Earth and space sciences, including 

climatology [6,94], oceanography [137,151], solar physics, and geophysics [115-117,165,177]. 
Applied mathematics, including dynamical systems theory [10,44,66,67,97,99,100,124,125], 

numerical analysis [9,51], and grid generation [23,78]. Image processing and pattern recognition 
[34,129,161,163,168,172]. Data compression [26,64,83,92,95,103,131,134]. Graph theory and 

computational geometry [87,101,141,155,186]. Data mining, visiometrics, and machine learning 
[17,113,126,136,158]. Human factors [41,43,96,105,154,181]. Quantum chemistry and 

molecular physics [90,112]. Cardiology [63,110].  And, of course, flow visualization [10,14,21, 
39-40,57-59,79,85,86,88,91,104,111,121,179], scientific visualization [25,31,33,45,52,54,65,72, 

89,146-147,160,162,182] and computer graphics [2-4,7,15-16,20]. 
 

The paper has also been cited in textbooks and surveys [16,76,81,107,113,114,120,123,128,184], 
master’s and doctoral dissertations [67, 109, 135, etc.], in at least one patent [80], and in 

educational materials (courses, proposals, reading lists) [35,55,185,E1-E12]. It has been cited by 
researchers in the USA, Canada, Japan, Germany, France, Austria, Switzerland, the Netherlands, 

Norway, Sweden, the Czech Republic, Slovakia, Brazil, Venezuela, China and Egypt,.  
 

Cumulative citations by year 

 
“A tool for visualizing the topology of three dimensional vector fields” 
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The following innovations are described in this paper—all for the first time:  
1. Implementation and demonstration of software to automatically find, classify, track, and 

visualize critical points in vector (and scalar) fields in two and three dimensions. [71,93,97,100, 
146,157,159,173,174,176] 

2. Automatic detection and visualization of invariant manifolds (basin boundaries, separation 
lines, etc.) in vector and scalar fields. [48,75,82,104,130,138,164,170, 179,180] 

3. Automatic detection and display of vortices in 2D and 3D flows. [19,24,27,28,29,32,56,62, 
68,102,110,142,143,156,178] 

4. Explicit graphical display of tensor-valued quantities. [5,12,22,37,53,69,70,77,84,109] 

5. Feature display in 3D fields using specialized 3D icons (glyphs). [30,36,59,106,109,113,118, 

127,128, 151,156,171,173] 

6. Automatic calculation of  initial conditions for computing integral curves (i.e automatic 

placement of “seed points” to generate particle traces or streamlines). [46,58,74,98,183] 

7. Semi-automatic tracking and display of changes in the topology of numerically defined 

vector and scalar fields (visual bifurcation analysis). [9,38,89,108,119,144,166,169,175] 

8. Integration of topological analysis into a production scientific visualization system. The 

software described was included in FAST. Written at NASA Ames and deployed worldwide, 
FAST won the 1995 NASA software of the year award. [1,11] 

 

History and contributions by each author: 

(1988) Inspired by the work of Tobak (NASA Ames), Abraham (UCSC), and Shaw (UCSC),  
Levit developed an interactive software system for dynamically detecting, classifying, and 

visualizing critical points, invariant manifolds, and elementary bifurcations of vector and scalar 
fields in two and three dimensions. It was the first system with any of these capabilities. 

(1989) Levit publicly demonstrated his software at the Conference on Scientific Applications of 

the Connection Machine, in the main auditorium at NASA Ames Research Center. About 60 

people attended, including V. Watson (NASA Ames).  

A few days later, Watson invited Levit and Lasinski (Levit’s branch chief at the time) to meet 

with Hesselink (Stanford University). Hesselink informed them that Hellman (his student) was 
doing similar work for a doctoral dissertation. Hesselink asked Levit to refrain from publication 

until Hellman finished his dissertation. Levit agreed.  

(1990) Globus and Levit took Levit’s prototype and integrated it into FAST as the “TOPO” 

module. Globus did most of this programming. (FAST won the 1995 NASA software of the year 
award)  

Hellman and Hesselink published: “Surface representations of two and three-dimensional fluid 
flow topology” in Proceedings: Visualization '90, pages 6-13. IEEE Computer Society, 1990. 

(1991) Globus, Levit, and Lasinski published, “A tool for visualizing the topology of three-
dimensional vector fields.” NASA Ames technical report RNR-91-017 and later in Proceedings 

Visualization ’91, pages 33–40. IEEE Computer Society, 1991. Globus and Levit each wrote 
about half of the paper. Lasinski wrote the appendix.  
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Supplement A: List of scientific and engineering literature citing the 
paper 

 

Some papers citing “A tool for visualizing the topology of three-dimensional vector fields”, by Al 
Globus, Creon Levit and Tom Lasinski. In Proc. of IEEE Visualization '91, pages 33-40 (1991) and/or 

NASA Ames Tech. Rept. RNR 91-017. 
 

[1] FAST: a multi-processed environment for visualization of computational fluid dynamics. Gordon V. 
Bancroft, et al. Proceedings of the 1st conference on Visualization '90. pp14-27 (1990) 

[2] The virtual windtunnel: an environment for the exploration of three-dimensional unsteady flows. Steve 
Bryson and Creon Levit. Proceedings of the 2nd conference on Visualization '91. pp17-24 (1991). 

[3] Volume Rendering for Computational Fluid Dynamics: Initial Results. Samuel P. Uselton. Technical 
Report RNR-91-026 (1991). 
ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19970013813_1997013608.pdf 

[4] Direct Volume Visualization of Three Dimensional Vector Fields. Roger Crawfis and Nelson Max, 

ACM Proceedings of the 1992 Workshop on Volume Visualization, pp55-60 (1992). 
citeseer.ist.psu.edu/crawfis92direct.html 

[5] Visualization of second order tensor fields and matrix data. Delmarcelle, T.; Hesselink, L.; IEEE 
Visualization '92 Proceedings. pp316-323 (1992) 

[6] Visualizing wind velocities by advecting cloud textures. Nelson Max, Roger Crawfis, Dean Williams. 
Proceedings of the 3rd conference on Visualization '92. pp179-184 (1992). 

ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=235210 

[7] A Framework for the Design of Effective Graphics for Scientific Visualization. K. D. Miceli, NASA 

Ames Research Center Technical report RNR-92-035 (1992). citeseer.ist.psu.edu/3530.html 

[8] Visualizing Classical Problems in CFD: Case Study.  N. Zabusky, D. Silver. In Proc. IEEE conference 

in visualization – visualization ’92. pp.436-440 (1992). 

[9] Dynamical Approach Study Of Spurious Steady-State Numerical Solutions Of Nonlinear Differential 

Equations II. The Dynamics of Numerics of Systems of ODEs and Its Connection to Finite Discretizations 
of Nonlinear PDEs. H.C. Yee and P.K. Sweby. NAS Applied Research Technical Report. RNR-92-008, 

NASA Ames Research Center (1992). www.nas.nasa.gov/News/Techreports/1992/PDF/rnr-92-008.pdf 

[10] Fluid Flow Visualization. Frits H. Post, Theo van Walsum, in: Focus on Scientific Visualization, H. 

Hagen, H. Müller, G.M. Nielson (eds.), Springer Verlag, Berlin, pp1-40 
www.cg.its.tudelft.nl/wwwsv/publications/post1993.pdf (1993) 

[11] FAST (Flow Analysis Software Tools) 1.1 User Guide. Pamela P. Walatka, Jean Clucas, R. Kevin 
McCabe, Todd Plessel and the FAST Team NASA Ames Research Center RND-93-010 

www.nas.nasa.gov/Software/FAST/RND-93-010.walatka-clucas/ (1993) 

[12] Visualizing Second Order Tensor Fields with Hyperstreamlines. T. Delmarrcelle, and L. Hesselink. 

IEEE Computer Graphics and Applications. v13, n4, p25-33. (1993). 
ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=219447 

[13] Notes on the Topology of Vector Fields and Flows. Daniel Asimov, NASA Ames Research Center 
Report RNR-93-003 (1993) 
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[14] Visualization of time-dependent flow fields. David A. Lane. Proceedings of the 4th conference on 
Visualization '93 pp32–38. (1993). ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=398848 

[15] Cloud tracing in convection-diffusion systems. Kwan-Liu Ma, Philip J. Smith. Proceedings of the 4th 
conference on Visualization '93 pp253-260 (1993). ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=398876 

[16] Visual Representation of Vector Fields - Recent Developments and Research Directions. Post, F; van 
Wijky J; in proc. ONR Workshop on Data Visualization, Darmstadt, Germany, 

visualisation.tudelft.nl/publications/post1994.pdf (1993) 

[17] Visiometrics, Juxtaposition and Modeling. N. J. Zabusky, D. Silver, and R. Pelz, Physics Today v46 

n3 pp24-31 (1993)  

[18] A Numerical Investigation of Supersonic Strut/End-Wall Interactions in Annular Flow with Varying 

Strut Thickness.  K. Williams, G. Harloff and F. Gessner. AIAA paper no. AIAA-1993-2927 (1993). 
www.aiaa.org/content.cfm?pageid=406&gTable=mtgpaper&gID=69410 

[19] Vortex tubes in turbulent flows: identification, representation, reconstruction. D. C. Banks and B. A. 
Singer, in Proc. Eurographics Visualization '94, pp132-139, (1994). historical.ncstrl.org/tr/pdf/icase/TR-94-

22.pdf 

[20] Differential volume rendering: A fast volume visualization technique for flow animation. H.W. Shen 

and C.R. Johnson. in Proc. IEEE Visualization 94 , pp188-195 (1994) 

[21] Visualizing flow over curvilinear grid surfaces using line integral convolution. Lisa Forssell, in Proc. 

IEEE Visualization '94, IEEE Computer Society Press, pp240-246 (1994) 
www-graphics.stanford.edu/papers/flowvis/flowvis.ps 

[22] The topology of symmetric, second-order tensor fields. Delmarcelle, T.; Hesselink, L. in proc. conf. 
IEEE Visualization '94,  pp140-147 (1994). ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=346326 

[23] Intelligent Automated Grid Generation for Numerical Simulations.  Ke-Thia Yao and Andrew Gelsey, 
in proc. Twelfth AAAI national conf. on artificial intelligence (AAAI-94) pp1224-1230 (1994) 

[24] Onset of Vortex Breakdown Above a Pitching Delta-wing. Visbal M., AIAA Journal v32, n8 pp1568-
1575 (1994). www.aiaa.org/content.cfm?pageid=406&gTable=mtgpaper&gID=68789 

[25] Interactive Visualization of Vector Data in Unstructured Volumes. T. Frühauf, Computers and 
Graphics v18 n1, pp73-80 (1994) 

[26] Nonlinear models for representation, compression, and visualization of fluid flow images and 
velocimetry data. Ford, R.M.; Strickland, R.N.; Proc. IEEE Workshop on Visualization and Machine Vision 

pp. 1-12 (1994). ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=324993 

[27] Extracting Vortices From an Unsteady Flow. David C. Banks, Bart A. Singer. Proceedings of IEEE 

Visualization, 1994 citeseer.ist.psu.edu/banks94extracting.html 

[28] Identification of swirling flow in 3D vector fields. D. Sujudi and R. Haimes. AIAA paper 95-1715, 

12th AIAA Computational Fluid Dynamics Conference (1995). raphael.mit.edu/pv3/AIAA95-1715.ps 

[29] Vortex Visualization of an Unsteady Flow. David C. Banks and Bart A. Singer, IEEE Transactions on 

Visualization and Computer Graphics, Vol. 1, No. 2, pp151-163. (1995)  

[30] Visualization and feature extraction in isotropic Navier-Stokes turbulence. V.M. Fernandez, N.J. 

Zabusky, S. Bhat, D. Silver, S.-Y. Chen, in Proc. AVS95 conf., Boston, Massachusetts, (1995). 
www.caip.rutgers.edu/~victor/feat_ext/feat_ext.html 
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[31] Visualizing Scientific Computations: A System Based On Lattice-Structured Data And Display 
Models. W. L. Hibbard, PhD dissertation, U. Wisconsin (1995). 

citeseer.ist.psu.edu/hibbard95visualizing.html 

[32] A Predictor-Corrector Technique for Visualizing Unsteady Flow. D. C. Banks and B. A. Singer. IEEE 

Trans. Visualization and Computer Graphics, v1 n2 p151-163 (1995) 
techreports.larc.nasa.gov/icase/1995/icase-1995-51.pdf 

[33] New Techniques for the Scientific Visualization of Three-Dimensional Multivariate and Vector Fields. 
R. Crawfis,, Ph.D. Dissertation, University of California, Davis (1995). 

www.osti.gov/bridge/servlets/purl/195760-5CfwSL/webviewable/ 

[34] Interactive re-polygonization of blobby implicit curves. B.T. Stander, J.C. Hart. in Proc. Western 

Computer Graphics Symposium. (1995). http://graphics.cs.uiuc.edu/~jch/papers/bic.pdf 

[35] Vector Field Visualization Course Notes.  Roger Crawfis, Lawrence Livermore National Laboratory 

report UCRL-MI-120622 www.llnl.gov/graphics/docs/VecVizNotes.pdf (1995) 

[36] Iconic Techniques for Feature Visualization.  Frank J. Post ,Theo van Walsum, Frits H. Post, Deborah 

Silver. Proc. IEEE Visualization 95, pp288-295 (1995). visualization.tudelft.nl/publications/post1995b.ps.gz 

[37] The Topology of Symmetric, Second-Order Tensor Fields. L. Hesselink, Y. Levy, and Y. Lavin. 

Computers in Physics, vol 9, no. 3, p. 304-11 (1995) 

[38] Dynamical-approach study of spurious steady-state numerical solutions of nonlinear differential-

equations 2. Global asymptotic-behavior of time discretizations.  H.C. Yee and P.K.Sweby, NASA Ames 
Technical Report RNR-92-008 and Int. J. Computational Fluid Dynamics v4 n3-4 p219 (1995) 
www.nas.nasa.gov/News/Techreports/1992/PDF/rnr-92-008.pdf 

[39] Representing and visualizing fluid flow images and velocimetry data by nonlinear dynamical systems, 

Ford, R.M. and R.N. Strickland, Graphical Models and Image Processing, v57 n6 pp462-482 (1995) 

[40] Using Line Integral Convolution For Flow Visualization - Curvilinear Grids, Variable-speed 

Animation, and Unsteady Flows.  Forssell L.; Cohen S.,  IEEE Transactions on Visualization And Computer 
Graphics v1, n2 pp133-141 (1995) 

[41] Evaluation of Visualization Software. Al Globus, Sam Uselton. Report NAS-95-005. NASA Ames 
Research Center (1995). www.nas.nasa.gov/News/Techreports/1995/PDF/nas-95-005.pdf 

[42] The computed structure of a 3-D turbulent interaction caused by a cylinder/offset-flare juncture. 
Gaitonde, Datta, Edwards, J RS, hang, J S. 33rd Aerospace Sciences Meeting and Exhibit, Reno, NV. Paper 

AIAA-1995-230. (1995) www.aiaa.org/content.cfm?pageid=406&gTable=mtgpaper&gID=83647 

[43] Initial user reaction to the virtual windtunnel. Bryson, Steve; Johan, Sandy; Globus, Al; Meyer, Tom; 

McEwen, Currier. 33rd AIAA, Aerospace Sciences Meeting and Exhibit, Reno, NV (1995). 
citeseer.ist.psu.edu/179126.html 

[44] Local Analysis of Dynamical Systems - Concepts and Interpretation. H. Löffelmann, Z. Szalavari, E. 
Gröller. in Fourth International Conference in Central Europe on Computer Graphics & Visualization '96 

pp170-180 (1996). wscg.zcu.cz/wscg96/papers97/Loeffel_96.pdf  

[45] Visualizing Data from Time-Dependent Adaptive Simulations. T. Happe, K. Polthier, M. Rumpf, M. 

Wierse. in: Proceedings of the Workshop on "Visualization - Dynamics and Complexity, Bremen, 
September 1995. Preprint: Math. Fak., Univ. Freiburg, Preprint No. 12 (1996). 

www.zib.de/polthier/articles/dysim/dysimArticle.ps.gz 
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[46] Image-Guided Streamline Placement. Greg Turk, David Banks, Computer Graphics v30 pp. 453-460 
(SIGGRAPH 96 Conference Proceedings) H. Rushmeier, Ed., pp453-460 (1996). 

citeseer.ist.psu.edu/turk96imageguided.html 

[47] Flow Visualization for Turbomachinery Design. Martin Roth and Ronald Peikert, Proc. IEEE 

Visualization 96, pp381-384 (1996). martin.nobilitas.com/turbo/downloads/turbo/study.pdf 

[48] Free-surface Wave-induced Separation. Zhang Zj; Stern F, Journal of Fluids Engineering-transactions 

of the ASME, v118, n3, pp546-554 (1996) 

[49] Flow Field Topology of Buoyancy Induced Mixing. W. Duval, AIAA 34th Aerospace Sciences Mtg. 

Reno, NV. paper # AIAA-1996-253 (1996). 
www.aiaa.org/content.cfm?pageid=406&gTable=mtgpaper&gID=8753 

[50] A Hybrid Model for Calculating Lean Blowouts in Practical Combustors.  G. Sturges and D. Shouse.  
in 32nd AIAA, ASME, SAE and ASEE Joint Propulsion Conference. Paper no. AIAA-1996-3125. (1996). 

www.aiaa.org/content.cfm?pageid=406&gTable=mtgpaper&gID=11463 

[51] Nonlinear Dynamics & Numerical Uncertainties in CFD.  H. Yee and P. Sweeby. NASA Technical 

memorandum TM 110398 (1996). 
ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19960049992_1996080566.pdf 

[52] Fast Line Integral Convolution For Arbitrary Surfaces in 3D. Henrik Battke, Detlev Stalling, Hans-
Christian Hege. PreprintSC-96-59. Konrad-Zuse-Zentrum für Informationstechnik Berlin. Takustr. 7, D-

14195 Berlin-Dahlem (1996). elib.zib.de/pub/zib-publications/reports/SC-96-59.ps.Z 

[53] The Topology of Symmetric, Second-Order 3D Tensor Fields. Hesselink, L.; Levy, Y.; Lavin, Y., 

IEEE Transactions on Visualization and Computer Graphics, vol. 3 no. 1 pp1-11 (1997). 
bellini.technion.ac.il/~yuval/papers/tensor96.pdf  

[54] Visualization Algorithms for Gigabyte Datasets. David Kenwright, in ACM Siggraph '97 course notes 
(1997). citeseer.ist.psu.edu/94406.html 

[55] Visualização Científica de Campos Vetoriais. Martinez, M.L.  IV Congresso Petrobrás de Informática 
e Telecomunicações.  Prédio da Engenharia Civil. Escola Politécnica. Cidade Universitária. Universidade de 

São Paulo. www.lsi.usp.br/~vectvis/inftel/slides (1997) 

[56] Vortex identification - applications in aerodynamics: A case study. D. Kenwright and R. Haimes. In R. 

Yagel and H. Hagen, editors, Proc. Visualization '97. IEEE Computer Society Press  pp413-416 (1997) 

[57] High-dimensional trivariate NURBS representation for analyzing and visualizing fluid flow data. Park, 

S; Lee, K, Computers and Graphics v21 n4 pp473-482 (1997)  

[58] Time-Dependent Particle Traces in a Real-Time Visualization Environment. U. Obeysekare, F. 

Grinstein and G. Patnaik.  In AIAA 35
th

 Aerospace Sciences Mtg. Reno, NV. Paper no. AIAA 97-0234. 
(1997) 

[59] LIC For Surface Flow Feature Detection, Kao, D.L.  Dagstuhl Scientific Visualization Conference. 
130-140 (1997). ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1423110 

[60] Structure of a Supersonic Three-Dimensional Cylinder/Offset-Flare Turbulent Interaction. Datta 
Gaitonde; J. S. Shang; J. R. Edwards. Journal of Spacecraft and Rockets vol.34 no.3 pp294-302 (1997) 

www.aiaa.org/content.cfm?pageid=406&gTable=japaperimport&gID=3232 

[61] Assessment of an abbreviated jet-A/JP-5/JP-8 reaction mechanism for modeling gas turbine engine 

gaseous emissions. G. J. Sturgess. AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, 33rd. 
paper AIAA-1997-2709. (1997). www.aiaa.org/content.cfm?pageid=406&gTable=mtgpaper&gID=14246 
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[62] Vortex flow visualization using tetrahedral cell subdivision. Doi, A.; Suzuki, S.; Koyamada, K.; 
Sannakanishi, S.;. Proc. Fifth Pacific Conference on Computer Graphics and Applications, 206 - 215, 224 

(1997). ieeexplore.ieee.org/search/wrapper.jsp?arnumber=626208 

[63] Topology of optical flow in 3D echocardiography. Lamberti, C., Sarti, A.,  Bertucci, F. in: Computers 

in Cardiology pp. 227-230 Lund, Sweden (1997). ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=647872 

[64] Topology preserving data simplification with error bounds. Chandrajit L. Bajaj and Daniel R. 

Schikore, Computers and Graphics Volume 22, Pages 3-12 (1998). citeseer.ist.psu.edu/253457.html 

[65] Visualization of scalar topology for structural enhancement. Bajaj, C. L., Pascucci, V., And Schikore, 

D. In Proceedings of IEEE Visualization '98 p.51-58 (1998). 

[66] Visualizing dynamical systems near critical points. Helwig Lffelmann, Helmut Doleisch, and Eduard 

Grller, in: 14th Spring Conference on Computer Graphics, p 175-184. Comenius University, Bratislava, 
Slovakia ISBN 80-223-0837-4 (1998). citeseer.ist.psu.edu/166864.html 

[67] Visualizing Local Properties and Characteristic Structures of Dynamical Systems. Helwig Löffelmann 
(PhD Thesis) Tech. Univ. Vienna. (1998) www.vrvis.at/via/resources/diss-HL/diss-lowres.pdf 

[68] A Higher-Order Method For Finding Vortex Core Lines. M. Roth, R. Peikert, Proc. IEEE 
Visualization '98 p143 (1998). graphics.ethz.ch/~peikert/papers/vis98.pdf 

[69] Visualization Of Tensor Fields. Ed Boring, M.S. Thesis in Computer Science, University of 
California, Santa Cruz, CA (1998). emerald.ucsc.edu/~edb/thesis.pdf 

[70] Interactive Deformations from Tensor Fields. Ed Boring and Alex Pang, In Proc. IEEE Visualization 
98, pages 297-304 (1998). wuche.wustl.edu/~suresh/ChE515/interactive.pdf 

[71] Vector field topology with Clifford algebra. G. Scheuermann, H. Hagen, and H. Kruger. in: WSCG 
'98: The Sixth International Conference in Central Europe on Computer Graphics and Visualization '98, 

volume II, pages 347-353 (1998).  www.informatik.uni-leipzig.de/bsv/Paper/VectorFieldTopology.pdf 

[72] Streamarrows - a Visualization Technique for Complex Dynamical Systems. Lukas Mroz. diploma 

thesis, Tech. Univ. Vienna, (1998) www.cg.tuwien.ac.at/~mroz/da  

[73] Tools for parameter studies in fluid dynamics.  A. Yeckel, Int. J. Numer. Meth. Fluids v28 n8 pp1199–

1216 (1998) 

[74] Seed specification for displaying a streamline in an irregular volume, Koyamada K.;  Ito T., 

Engineering With Computers, v14 n1 pp73-80 (1998)  

[75] Automatic detection of open and closed separation and attachment lines. David N. Kenwright. 

Proceedings of the conference on Visualization '98 pp151-158 (1998) 

[76] Visualization Paradigms. Chandrajit L. Bajaj. in Data Visualization Techniques. C. Bajaj (ed), John 

Wiley & Sons Ltd, (1998). www.ticam.utexas.edu/CCV/papers/ch1.pdf 

[77] 2D visualisation of second-order tensor fields. Steinar Haugen. Scient. thesis Department of 

Informatics, University of Bergen Norway (1998). www.haugenconsulting.no/thesis_steinar_haugen.pdf 

[78] A data dependent triangulation for vector fields.  Scheuermann, G. Hagen, H. Proceedings Computer 

Graphics International, 1998. pp96-102. Hannover  Germany (1998).  
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Supplement B: List of educational materials citing the paper 

 

Some course notes, reading lists, tutorials and proposals citing “A tool for visualizing the topology of 

three-dimensional vector fields”  by Al Globus, Creon Levit and Tom Lasinski. In Proc. of IEEE 

Visualization '91, pages 33-40 (1991) and/or NASA Ames Tech. Rept. RNR 91-017. 
 

[E1] ACM SIGGRAPH conference on Computer Graphics and Applications (1994,1995,1997)  

[E2] IEEE Visualization conference tutorials (1993-1999) 

[E3] Vector Field Visualization Project, Laboratory of Integrated Systems, Digital Systems Division, 
Politechnic School, University of Sao Paulo, Brazil. www.lsi.usp.br/~vectvis 

[E4] Vector Field Visualization Course Notes. Lawrence Livermore National Laboratory. R. Crawfis 
(1995) www.llnl.gov/graphics/docs/VecVizNotes.pdf 

[E5] Computación Gráfica III, Departamento de Computación y Tecnología de la Información Universidad 
Simón Bolívar (Venezuela) www.ldc.usb.ve/~vtheok/cursos/ci5322/stereo/Scientific-Visualizat.html (1999) 

[E6] Technische Universität Wien, Institut für Computergraphik und Algorithmen, "Visualisierung 
Dynamischer Systeme" (Vienna, Austria). 

www.cg.tuwien.ac.at/research/vis/seminar9596/2-topo  (1995-1996)  

[E7] AMR Vortex Core/Tubes Visualization Research Plan, James Chen, Institute of Data Analysis and 

Visualization UC Davis 
muldoon.cipic.ucdavis.edu/~jchen007/Research/SV/AMR/ResearchPlan (2000) 

[E8] Clustering and Segmentation of Adaptive Mesh Refinement Vector Field Data, James Chen, Institute 
of Data Analysis and Visualization, UC Davis. 

graphics.cs.ucdavis.edu/~jchen007/Research/VectorFieldClustering/FeatureExtraction_References.html 
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[E9] Scientific Visualization HPC2N, Umeå Universit, Sweden, Department of Computing Science, "The 
course Scientific Visualization is part of the core curriculum of the Swedish National Graduate School in 
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Dynamischer Systeme. Technische Institut für Computergraphik und Algorithmen, Universität Wien 
(Austria) www.cg.tuwien.ac.at/research/vis/seminar9596/2-topo/literatur.html 

[E11] CMP 260 - Computer Graphics. University of California, Santa Cruz. 
www.soe.ucsc.edu/~pang/260/w03/presentations/3Dseeding.ppt (2003) 

[E12] Scientific Visualization CMPT 775, Computer Science Dept., Simon Fraser University, Vancouver 
British Columbia (2004) www.cs.sfu.ca/~torsten/Teaching/Cmpt878/reading.html 
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Supplement C: Information regarding author contributions 

 

Email messages regarding respective contributions of the authors 
 

Return-Path: <aglobus@mail.arc.nasa.gov> 
Received: from arc-relay2.arc.nasa.gov ([128.102.31.195] verified) 
  by pony2pub.arc.nasa.gov (CommuniGate Pro SMTP 4.0.6) 
  with ESMTP id 2388507 for clevit@mail.arc.nasa.gov; Wed, 27 Aug 2003 09:06:00 -0700 
Received: from netra07.nas.nasa.gov (netra07.nas.nasa.gov [198.9.9.7]) 
 by arc-relay2.arc.nasa.gov (Mirapoint Messaging Server MOS 3.3.6-GR) 
 with ESMTP id ACC32543; 
 Wed, 27 Aug 2003 09:05:59 -0700 (PDT) 
Received: from pony2pub.arc.nasa.gov (pony2pub.arc.nasa.gov [128.102.31.42]) 
 by netra07.nas.nasa.gov (8.11.7+Sun/8.11.7/NAS-6x) with ESMTP id h7RG5xE12498; 
 Wed, 27 Aug 2003 09:05:59 -0700 (PDT) 
Received: from [63.194.90.169] (account aglobus@arc.nasa.gov HELO mail.arc.nasa.gov) 
  by pony2pub.arc.nasa.gov (CommuniGate Pro SMTP 4.0.6) 
  with ESMTP id 2388502; Wed, 27 Aug 2003 09:05:59 -0700 
Date: Wed, 27 Aug 2003 09:08:19 -0700 
Subject: principle authorship 
Cc: creon@nas.nasa.gov, slanghoff@mail.arc.nasa.gov 
To: chenze@nas.nasa.gov 
From: Al Globus <aglobus@mail.arc.nasa.gov> 
Content-Transfer-Encoding: 7bit 
Message-Id: <ACFCBAD0-D8A8-11D7-9DDD-0003939154CE@mail.arc.nasa.gov> 
X-Mailer: Apple Mail (2.552) 
Mime-Version: 1.0 (Apple Message framework v552) 
Content-Type: text/plain; charset=US-ASCII; format=flowed 
 
Sorry for my slow response.  I've been on vacation. 
 
Creon was a solid 50% of the topology paper in question, perhaps more.   
He wrote large sections of it (contrary to what I said on the phone a  
week or so ago, but it was 12 years ago and my memory of the details is  
coming back), although probably somewhat less than half.  Most,  
although not quite all, of the ideas were Creon's.  Creon implemented  
something very similar first, by himself, for polynomials.  Key parts  
of that code were used in the FAST TOPO module.  Creon also rustled up  
the datasets. My contribution was integrating the ideas and code into  
the FAST environment, modifying the algorithms for curvilinear grids  
(with Creon's guidance), much of the user interface, recoding some of  
the numerical algorithms, a few ideas, and writing a bit more than half  
the paper.  Most of the code was mine. During the project Creon and I  
worked together essentially every day including discussions, debugging,  
examining the code, trying new versions of the program, and examining  
various data sets.  Creon also taught me CFD, critical point analysis,  
numerical methods, and some curvilinear grid theory. 
 
------------------------------------------------------------------ 
 
Al Globus 
CSC at NASA Ames Research Center 
http://www.nas.nasa.gov/~globus/home.html 
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Return-Path: <tal@llnl.gov> 
Received: from arc-relay2.arc.nasa.gov ([128.102.31.195] verified) 
  by pony2pub.arc.nasa.gov (CommuniGate Pro SMTP 4.0.6) 
  with ESMTP id 1885906 for clevit@mail.arc.nasa.gov; Thu, 14 Aug 2003 10:32:27 -0700 
… 
Received: from yukon.llnl.gov (yukon.llnl.gov [134.9.214.56]) 
 by norm.llnl.gov (iPlanet Messaging Server 5.1 Patch 1 (built Jun  6 2002)) 
 with ESMTP id <0HJM006ICE20HE@norm.llnl.gov>; Thu, 
 14 Aug 2003 10:32:24 -0700 (PDT) 
Date: Thu, 14 Aug 2003 10:32:23 -0700 
From: Tom Lasinski <tal@llnl.gov> 
Subject: Authorship of "A tool for visualizing the topology of three 
X-Sender: tal@mail-lc.llnl.gov 
To: slanghoff@mail.arc.nasa.gov 
Cc: Al Globus <aglobus@mail.arc.nasa.gov>, chenze@nas.nasa.gov, Creon Levit 
<creon@nas.nasa.gov> 
Message-id: <5.0.0.25.2.20030814085411.068e77d0@mail-lc.llnl.gov> 
 
Stephanie, 
 
Greetings from Livermore. 
 
I received the text below from Creon, and I generally agree with the  
observations. I would like to add my own comments. 
 
When this paper was written, I was Creon's Branch Leader and a technical monitor  
for the sub-contract under which Al worked. My own contributions were indeed  
minor, adding only some mathematical refinements to ideas that Creon and Al  
developed and demonstrated numerically. It is my observation that Creon was in  
fact the principal author in that the basic ideas, calculations, and coding for  
this paper came from him. He was the first person in my Branch to realize that  
the stationary point analysis could be used to assist in the visual analysis of  
flow fields. Furthermore,  he was clearly the driver for creating a  
visualization tool using topological analysis.  From my perspective, Al's  
contribution was to take these ideas and implement them in what was then the  
primary visualization tool (FAST, I believe) supported by the Branch. That  
effort enabled Creon and Al to demonstrate topological visualization analysis on  
a large number of existing flow simulations and to make that capability  
available to a large number of users in a familiar context. 
 
I have an additional comment. Scientific research is increasingly a team effort;  
indeed, I would argue that scientific success in most areas requires sound team  
work. I am concerned that rules such as  "there must be only one senior author"  
will disparage team-written papers of significant importance and discourage  
future team work. 
 
Regards, 
 
Tom 
 
================================================================= 

 
According to the announcement soliciting nominations for the H. Julian Allen award: 
 
"the senior author must be an Ames civil service employee, NRC postdoctoral  
fellow, or resident Ames staff member." 
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In the case of the proposed nomination "A tool for visualizing the topology of  
three-dimensional vector fields" by Al Globus, Creon Levit and Tom Lasinski,  
there was no single senior author.  There were two:  Globus and Levit.  They are  
listed in alphabetical order, as is the convention. Lasinski, the junior author,  
is listed last. 
 
I am fairy certain that both Globus and Lasinski would attest to the following: 
 
Levit is one of the two senior authors.  He (Levit): 
 
1) wrote about half of the paper. 
2) did about half of the work described in the paper. 
3) came up with the initial idea for the project and did the initial R&D. 
5) wrote and debugged, alone, the initial computer implementation of the core  
numerical algorithms and the graphics in both two and three dimensions. 
6) provided this core code, which was then incorporated, with necessary  
enhancements, into the FAST visualization framework by Globus. 
 
Levit was the primary author of the parts of the paper corresponding to his  
"half" of the work, and similarly for Globus.  Lasinski wrote the proof in the  
appendix.  Levit also wrote the bibliography, which might sound insignificant,  
but in this case was actually fairly deep. It was later expanded into a  
technical report, subsequently used in several courses in scientific  
visualization and cited by others. 
… 
 
It is known that when a principal author's name occurs later in the alphabet,  
there is ambiguity.  The consequence of this ambiguity has been the subject of  
scholarly debate (see references [1-3]). 
 
references: 
 
[1] Darwin a better name than Wallace? T. Tregenza. Nature 385, 480 (1997). 
 
[2] Unequal letters. K. T. Jaekel. Nature 386, 643 (1997). 
 
[3] Alphabetical listing and citation rates. M. Shevlin & M. N. O. Davies.  
Nature 388, 14 (1997) 

 
---------------------------------------------------------------- 
 
Thomas A Lasinski 
Deputy Director for Operations 
Center for Applied Scientific Computing 
Lawrence Livermore National Laboratory 
P.O. Box 808, L-561 
Livermore, CA 94551 USA 
 
phone: 925-423-1368 
fax: 925-423-2993 
email: tal@llnl.gov 
web: www.llnl.gov/CASC <http://www.llnl.gov/CASC> 
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Supplement D: Some figures from literature citing the paper 

 

A sampling of figures taken from literature citing: A tool for visualizing the topology of three-

dimensional vector fields. Al Globus, Creon Levit and Tom Lasinski. Proc. of IEEE Visualization '91, 

pages 33-40, and/or NASA Ames Tech. Rept. RNR 91-017 (1991) 
 

 



 

 

 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 



 



 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



            

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 


